Dirofilaria immitis (hearthworm) is a filarial roundworm transmitted by mosquitoes to 15 different vertebrate hosts (dogs, cats and humans, among others), causing dirofilariosis. The 16 adult worms reside in the pulmonary arteries affecting vessels and tissues and resulting in 17 different pathological manifestations. Worms migrate to the heart and surrounding major 18 vessels in heavy infections. Dirofilariosis can result in serious damage to affected hosts. 
Introduction 34
Dirofilariosis is a vector-borne disease in temperate and tropical areas worldwide 35 caused by several Dirofilaria species (Simón et al., 2009) . Dirofilaria immitis is responsible 36 of cardiopulmonary dirofilariosis in canine and feline animals and accidentally humans. D. 37 immitis adult worms can survive for several years (>7) in the lung arteries and right ventricle 38 of immunocompetent hosts, while releasing microfilariae that circulate in the peripheral 39 blood vessels. These can be taken by mosquito vectors when they feed on infected 40 individuals and transmitted to the next vertebrate host (McCall et al., 2008) . 41
Cardiopulmonary dirofilariosis is usually a chronic disease. It progressively affects 42 lung arteries, the lung parenchyma and the hearth in the last stage of the disease (Venco, 43 2007) . The pathogenic mechanisms are related with both inflammatory and non-44 inflammatory responses (Kaiser et al., 1989) . Additionally, acute seizures overlapping with 45 the chronic phase of the disease can occur, due to massive death of adult worms either 46 spontaneously or after an adulticide treatment, occasionally resulting in the death of the 47 affected animal. This massive death of worms is linked with the triggering of inflammatory 48 responses and occurrence of thrombi that can result in the death of affected animals (Simón  49 immitis  whole  genome  tryptic  peptides  dataset  available  at  134 http://nematodes.org/downloads/959nematodegenomes/blast/db/Dirofilaria_immitis_v1.3_2 135 0110901.fna. Additional searches were performed against the 1.1 Mb genome of Wolbachia 136 isolated from Brugia malayi (wBm; Foster et al., 2005) . Taxonomy search was done in 137 Metazoa (Animals) sequences available at http://www.sanger.ac.uk (1175176 sequences). 138
The search parameters were set to tryptic specificity, no cys-alkylation, restricted taxonomy 139 to metazoa (animals), three missed cleavage and a tolerance in the mass measurement of 140 100ppm in MS mode and 0.5 Da for MS/MS ions. Met oxidation and Asn/Gln deamination 141 were set as variable modifications. To avoid using the same spectral evidence in more than 142 one protein, the identified proteins are grouped based on MS/MS spectra by Mascot. Thus, 143
proteins sharing MS/MS spectra are grouped, regardless of the peptide sequence assigned. 144
The protein within each group that can explain more spectral data with confidence is shown 145 as the primary protein of the group. Only the proteins of the group for which there is 146 individual evidence (unique peptides with enough confidence) are also listed, usually toward 147 the end of the protein list. Only primary proteins are shown in the results. The MS/MS 148 spectra of the proteins identified with a single protein were inspected manually. Individual 149 ions scores >69 indicate identity or extensive homology which is equivalent to a protein 150 confidence threshold greater than 95%, was considered significant (p<0.05). 151
For the proteins identified, the molecular function and biological process were 152 Of the identified proteins, 13 proteins were represented by 2 to 8 isoforms (data not shown). 186
None of those proteins were from Wolbachia. 187
As shown in Figure were identified over more taxonomically distant invertebrate species were discarded because 204 scores were very low, probably indicating unreliable homologies (data not shown), with the 205 exception of the high-affinity octopamine transporter, identified on the homologous protein 206 from Lumbricus terrestris (Table 1 ). In the surface extract, half of the identifications were 207 done on the sequences from the lymph vessel residing parasite B. malayi (Table 1) . 208
The majority of the identified proteins in both compartments are associated with 209 molecular binding processes, being the catalytic activity group best represented in somatic 210 extract, while the structural molecules were more abundant in the surface extract than in the 211 somatic proteins (Fig. 2) . Regarding biological processes assigned by homology, the 212 identified proteins could be grouped into 9 families: structural-motility, energy-metabolism-213 redox processes, stress response, immune response, proteolysis, transcription-translation, 214 signalling, other functions and unknown. The representation of each family for each parasite 215 compartment is shown in Figure 3 , indicating the relative percentage for each family. Those 216 molecules related with energy, metabolism and redox processes are the most abundant in the 217 somatic extract, while structural-motility proteins are dominant in the surface digestion 218 products (Fig. 3 ). In the "proteolysis" group, main differences were found between somatic 219 and surface extracts: while 3 out of 5 molecules in this group were identified as protease 220 inhibitors in the somatic extract, a proteolytic papain-like enzyme was the only 221 representative of this group in the surface extract and was not identified in the somatic 222 proteins. 223 224 3.2. The GAPDH and P22U proteins mainly localize in the cuticle of D. immitis adult 225
worms. 226
Two of the proteins shared by the two parasite compartments analyzed here were 227 localized in transverse sections of D. immitis adult worms after incubation with specific anti-228 sera using a confocal microscope. As Figure 4 shows, both proteins were predominantly 229 present in the cuticle, although the P22U showed to be localized within the cuticle, while the 230 anti-GAPDH serum sharply stained the outermost surface of the worm. Anti-GAPDH 231 reactivity was also found inside the worm, although less abundantly than at the surface of 232 the parasite. No reactivity was found in worm sections incubated with the preimmune 233 negative serum (Fig. 4) . 234 be usually not exposed to the host and only released after parasite's damage. 273
The fourth most abundant protein in the somatic extract is the pepsin inhibitor Dit33, 274 belonging to a family that has been also identified in the secretome of D. immitis (Av33; 275 Willenbücher et al., 1993) . Two other peptidase inhibitors (serpin and cysteine protease 276 inhibitor) were also found in the somatic extract, being absent in the secretome and in the 277 surface extract. No protease inhibitor was found at the surface. Inside the proteolytic family, 278 the papain-like protease was found to be potentially associated to the surface of the worm. 279
This protease could be used to digest host antibodies and other blood components, and 280 certainly to regulate host immune responses, since it is well known that parasite cysteineproteases are unusually immunogenic (Sajid and McKerrow, 2002) and potent allergens 282 (e.g., Rodríguez-Maíllo et al., 2007) , situating those proteases at the host-parasite interface. 283
Of the ten most abundant proteins in the somatic extract, the tropomyosin, major 284 sperm protein, P22U and small heat shock protein 12.6 were also found in the surface 285 extract during our study. None of those four proteins have been found by Geary et al. (2012) 286 in the secretome of the parasite, although the P22U has been described as a component of 287 the excretory/secretory products of D. immitis by other authors (Frank et al., 1999; 288 González-Miguel et al., 2012) and characterized as a plasminogen-binding protein 289 (González-Miguel et al., 2012) , thus potentially interacting with the host. Its presence at the 290 surface of D. immitis is confirmed here by immunolocalization, suggesting the re-association 291 of this molecule to the parasite surface after being excreted. 292
The presence of the other three above-mentioned molecules at the host-parasite 293 interface could also be inferred from former publications that have identified them as 294 protective antigens (Sereda et al., 2008; Gnanasekar et al., 2008; Dakshinamoorthy et al., 295 2012) or as diagnostic antigens (Park et al., 2008) for other filarial nematodes. It is important 296 mentioning that the majority of the proteins identified at the surface of worms in the present 297 work have been described as well as diagnostic or vaccine candidate antigens in 298 dirofilariasis and other nematode infections -polyprotein antigen (Poole et al., 1992 (Poole et al., , 1996 299 Tekuza et al., 2002a, b; Vercauteren et al., 2004) , paramyosin (Zhang et al., 2011) , 300 intermediate filament protein (Cho-Ngwa et al., 2011 ), HSP70 (Ravi et al., 2004 , and the 301 papain family cysteine protease (Rodriguez-Mahillo et al., 2007) . 302
Of those shared with the somatic extract, the major sperm protein, the polyprotein 303 antigen and the P22U showed to rank among the 5 most abundant proteins in the surface 304 extract, together with the the papain-like cysteine proteinase and the GAPDH. The presenceimmunolocalization in the present work, could be related with the newly described function 307 of GAPDH in this and other helminth parasites as a plasminogen binding molecule at the 308 host-parasite interface (Erttmann et al., 2005; Ramajo-Hernández et al., 2007; González-309 Miguel et al., 2012 , 2013 . 310
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